as an incidental postmortem finding of undetermined etiology. 12 The histopathologic characteristics of almost all glomerular lesions in equine glomerulonephritis are typical of the immune complex type (granular pattern), and although little work has been done in this area, IgA has been identified as a component of those immune complexes 2, 12 Ruminants are less sensitive than nonruminants to the effects of DON, probably because of the metabolism of mycotoxins by the endogenous rumen microflora. 5 DON-contaminated grain can therefore be fed to ruminants without risk of toxicity. Although horse owners often inquire as to the risk of feeding DON-contaminated grain to horses, the effects of DON-contaminated grain have not been previously investigated in horses.
Excessive rainfall (107 cm in 1994 vs. 51 cm mean annual rainfall) in eastern North Dakota during the spring and summer of 1994 produced environmental conditions conducive to the growth of toxigenic Fusarium fungi and elaboration of deoxynivalenol (DON) on the 1994 barley crop. Harvesting was delayed by about 3 weeks because of muddy field conditions and delayed planting. The barley had a test weight of 19 kg/bushel compared with the normal for the region of 22 kg/bushel, indicating significant fungal contamination (barley producer personal communication). Deoxynivalenol was quantified in subsamples of barley taken before and during the feeding trial using a previously described method. 4 The concentration range from 5 subsamples was 36-44 µg DON/g (36-44 ppm, as fed) of barley. None of the following mycotoxins were detected: aflatoxin, T-2 toxin, diacetoxyscirpenol, ochratoxin A, citrinin, and zearalenone.
Five healthy adult horses were used for the feeding trial. Mean (± SEM) age and body weight of the horses were 12.5 (± 3.2) years and 444 (± 37) kg, respectively. The experimental protocol was approved by the University of Missouri Animal Care and Use Committee. Each horse was kept separately in a small paddock with shelter from severe weather. Free-choice water and grass were available for each horse. Following a 2-week acclimation period, the horses were provided DON-contaminated barley (1.364 kg every 12 hours) for 40 days. At each feeding, the exact quantity of barley that had not been consumed was weighed and discarded, and the quantity of barley ingested was recorded. Each horse was examined daily, and blood samples were collected by jugular venipuncture on days 0, 10, 20, 30, and 40. Routine hematology and serum biochemical analyses were done on whole blood and serum, respectively, in the Clinical Pathology Laboratory at the College of Veterinary Medicine. a,b Determinations of serum IgA and IgG were undertaken by single radial immunodiffusion. c The data were analyzed by a complete block design in which the animal served as the block. Polynomial contrasts were computed to test for linear and quadratic trends. 17 Significance was determined when P < 0.05; P values are provided when significant. Unless stated otherwise, data are presented as mean ± SEM. 219
All of the horses remained bright, alert, and responsive throughout the course of the feeding trial, and no physical evidence of disease was noted; 1 horse was withdrawn from the study on day 20 because it developed sole bruises as a consequence of persistent pacing along a fence line on hard ground. The quantity of DON-contaminated barley consumed by the horses did not change throughout the study (mean quantity of barley ingested by each horse per day = 1.27 ± 0.18 kg).
Although the hematocrit decreased slightly in a linear fashion (from 38.4 ± 1.3 liters/liter on day 0 to 33.7 ± 1.5 liters/ liter on day 40, P = 0.0092) during the study, changes in the peripheral white blood cell, polymorphonuclear leukocyte, and lymphocyte counts were not detected. Changes in serum creatinine, sodium, potassium, chloride, total calcium, and inorganic phosphate were not detected. Serum enzyme activities decreased slightly in a linear fashion during the trial (gamma glutamyltransferase activity [GGT] decreased from 52.40 ± 3.69 IU/liter on day 0 to 38.22 ± 4.26 IU/liter on day 40, P = 0.0009; aspartate aminotransferase activity [AST] decreased from 386.6 ± 24.5 IU/liter on day 0 to 284.6 ± 28.3 IU/liter on day 40, P = 0.0019; creatine kinase activity decreased from 233.8 ± 23.4 IU/liter on day 0 to 138.2 ± 27.1 IU/liter on day 40, P = 0.0127). Serum total protein (7.76 ± 0.10 g/dl on day 0 to 6.86 ± 0.11 g/dl on day 40, P = 0.0001), serum globulin (4.56 ± 0.07 g/dl on day 0 to 3.90 ± 0.08 g/dl on day 40, P = 0.0001), and serum albumin (3.20 ± 0.04 g/dl on day 0 to 2.93 ± 0.05 g/dl on day 40, P = 0.0004) decreased slightly in a curvilinear fashion during the trial.
Both serum IgG (2606.00 ± 89.50 mg/dl on day 0 to 1934.17 ± 103.34 mg/dl on day 40, P = 0.0003) and serum IgA (292.00 ± 10.19 mg/dl on day 0 to 228.50 ± 11.77 mg/ dl on day 40, P = 0.0005) decreased in a linear manner during the trial. The ratio of IgA to IgG (0.123 ± 0.004) did not change throughout the trial.
This report is the first to investigate the effects of feeding DON-contaminated grain to horses. The barley used in this study had been severely contaminated by DON; analysis of numerous samples determined that the concentration of DON was between 36 and 44 ppm. In other studies of cereal contamination by DON, the level of DON contamination of affected grain crops rarely exceeded 10 ppm. 18 For this feeding trial, the precise level of DON contamination of the diet as a whole was not determined because, in addition to feeding on the barley, the horses also had access to free-choice pasture grass.
Ingestion of DON-contaminated grain by susceptible species for at least 4 weeks results in an increase in serum IgA as a consequence of stimulation of CD4 + and IgA + lymphocytes in Peyer's patches and, to a lesser extent, in the sp1een. 7, 9, 11, 13 Results of this study suggest that the horse may not be susceptible to the adverse effects of DON. No effects of feeding DON with respect to either an increase in the serum concentration of IgA or the development of signs of intestinal inflammation was detected in these horses, which suggests that this species may not be affected by DON ingestion at these levels. 3, 7, 15, 20 Feed refusal, which has been reported 20 in susceptible species, was not detected in these horses. Although the horses were not weighed at the conclu-sion of the study, they had all clearly gained weight and had improved body condition.
Little work has been reported regarding the effect of DON ingestion on hematologic or serum biochemical parameters. No remarkable changes were detected in any of the hematologic or serum biochemical parameters measured during the course of this study. Further, although the hematocrit and serum enzyme activities decreased slightly, all values remained within the reference ranges for our clinical pathology laboratory during the course of the investigation. Slight ( < 50%) decreases in serum enzyme activities that still remain within the laboratory reference range probably do not represent clinically significant change; neither GGT nor AST increased, suggesting that ingestion of DON did not cause hepatic necrosis in these horses, as has been reported as an effect of DON in sows. 7 Changes in serum total protein, globulin, and albumin might have reflected alterations in hydration status and voluntary water consumption because during the period of the study (summer), although the environmental temperature was generally high it was also very variable. Further evidence that decreases in serum protein measurements should be attributed to shifts in intravascular hydration status includes the facts that the relative changes in each parameter were similar and the percentage reduction in hematocrit (12%) was the same as that for serum total protein (12%).
In 2 other studies in which the effect on hematologic and serum biochemical parameters was measured over 4 weeks of feeding DON to pigs, significant changes were not detected. In 1 study, 16 there was an increase in serum albumin and segmented neutrophils and a decrease in alpha globulin; in another study, changes were not detected. 6 Because serum IgA (a sensitive indicator of DON effect) did not increase in our horses, any changes in either hematologic or biochemical parameters probably were unrelated to DON ingestion.
These results suggest that, like ruminants, horses are relatively resistant to the adverse effects of DON, compared with other species. Microbial detoxification of DON by rumen microflora protects ruminants from the adverse effects of the mycotoxin. 5 Although horses do not possess an elaborate forestomach system for microbial digestion, most horses do retain a considerable quantity of ingesta in their stomach for microbial action. This gastric microflora may be important for vitamin B12 synthesis in this species. 1 The horse may also be protected from toxic action as a consequence of gastric microfloral detoxification of DON. 1 Before a determination could be made that horses could safely be fed DON-contaminated grain, other feeding trials such as that described here should be conducted. Most reports indicate that in susceptible species an elevation in serum IgA concentration can be anticipated within 4 weeks of feeding affected grain. In the present trial, horses were tested for 40 days; toxic effects might have been detected by continuing the trial. Further studies to investigate whether DON is toxic to horses should include intact male horses because male animals are more susceptible to this toxin than are their female counterparts; castrated male and female horses were used in the present trial. Additionally, urinalyses should be included in any further investigative protocols; hematuria is a sensitive index of DON-induced glomerulonephritis. 10 Fur-ther investigation regarding DON-induced glomerulonephritis could also include histopathologic examination of equine renal tissues obtained either by biopsy or during postmortem examination.
Barley that had been severely contaminated with DON was fed to 5 healthy adult horses. No adverse effects were identified during this feeding trial; specifically, feeding DON to horses for 40 days did not cause feed refusal or an increase in serum IgA concentration. These results suggest that horses may not be as susceptible as other monogastric species to the toxic effects of DON.
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